Abstract Thalassemics require regular blood transfusion therapy leading to iron overload in the body tissues, which is a major cause of morbidity and mortality in these patients. We hereby attempted to measure this iron overload by means of exfoliative cytology, a non-invasive and inexpensive technique. The aims and objectives of our study were: 1. To detect iron overload by oral exfoliative cytology using Perl's Prussian blue stain in b-thalassemia major patients. 2. To correlate staining positivity with serum ferritin levels. Smears were obtained from buccal mucosa of 50 b-thalassemia major patients (who had taken more than 12 transfusions) and 25 healthy subjects of the same age group as controls. Smears were stained with Perl's Prussian blue.
Abstract Thalassemics require regular blood transfusion therapy leading to iron overload in the body tissues, which is a major cause of morbidity and mortality in these patients. We hereby attempted to measure this iron overload by means of exfoliative cytology, a non-invasive and inexpensive technique. The aims and objectives of our study were: 1. To detect iron overload by oral exfoliative cytology using Perl's Prussian blue stain in b-thalassemia major patients. 2. To correlate staining positivity with serum ferritin levels. Smears were obtained from buccal mucosa of 50 b-thalassemia major patients (who had taken more than 12 transfusions) and 25 healthy subjects of the same age group as controls. Smears were stained with Perl's Prussian blue. Blood samples were taken from the study group for estimation of serum ferritin levels. Grading criteria were defined for assessing the Prussian blue positivity. Perl's positivity was observed in 49 out of 50 of thalassemic patients (98%). 1 patient had Grade 0, 7 patients had Grade I, 5 had Grade II, 12 had Grade III, 14 had Grade IV while 11 patients had Grade V positivity. Spearman Rank's Correlation Co-efficient was 0.38, signifying a weak positive correlation between positivity of buccal smears for Perl's Prussian blue staining and respective serum ferritin levels. Perl's Prussian blue staining of exfoliated cells from buccal mucosa can be used to assess Introduction b-thalassemia major also known as Cooley's anaemia is characterised by severely reduced or absent production of b globin chains of the normal human hemoglobin. The recommended treatment for thalassaemia major involves lifelong regular blood transfusions, usually administered every two to five weeks, to maintain the hemoglobin level above 9-10.5 g/dl. Long term transfusion has its multiple complications, infection and iron overload being the dreadful ones. Post-transfusion iron overload is a major cause of morbidity and mortality in b-thalassemia major patients. Hemosiderin deposits in the heart, liver, endocrine glands and lungs of these affected patients [1] . Serum iron, serum ferritin estimation, transferrin saturation, liver biopsy, T2* Magnetic Resonance Imaging (MRI) of the liver and heart are all being used to monitor iron overload status and effect of iron chelation therapy in these patients [2, 3] . With this study, we attempted to measure this iron overload by means of exfoliative cytology, a noninvasive and inexpensive technique. 
Aims and Objectives

Materials and Methods
The prospective study was conducted from February 2014 to July 2015, after approval from Institution Ethics Review Committee. 50 diagnosed cases of b-thalassemia major (after High Pressure Liquid Chromatography), who had taken more than 12 transfusions were included in the study. A brief history regarding initiation of iron chelation therapy was obtained. 25 healthy subjects of the same age group were chosen as controls. Subjects were asked to rinse their mouth with distilled water. Scrapings were taken from the buccal mucosa (of both the study and the control group) with the help of CytoBrush. Smears were spread on clean, dry glass slides and fixed immediately in 90% methanol for 1 h followed by Perl's Prussian Blue staining. Smears were evaluated for positivity under the light microscope.
Under all aseptic precautions, venous blood was collected in yellow topped SST gel vacutainer from the study group. Serum ferritin levels were estimated using the principle of electrochemiluminescence on the Cobas e411 analyzer (Roche diagnostics).
A grading system was devised by us as an attempt to provide a semi-quantitative assessment of the Perl's Prussian blue staining positivity. We used the Olympus 21i microscope for assessment of all our smears (eyepiece-910; diameter 20 mm). First, the slide was screened at low power objective lens (910) to judge the cellularity and to look for the presence or absence of blue coloured intracytoplasmic iron granules. Then, 5 high power fields (objective lens, 940) fulfilling the following 3 criteria were chosen for grading purpose: 
Results
Out of the 50 b-thalassemia major patients, 32 were males (64%) and 18 were females (36%). In the control group, 18 were males (72%) and 7 were females (28%). The age group of the study group ranged from 1.5 to 22 years with a mean of 7.99 years. The maximum cases were up to 5 years of age (23 cases) while there were only 2 cases in the group of 21-25 years. 41 patients were on iron chelation therapy (82%) and only 9 patients were yet not started on chelation (18%). The mean ± SD serum ferritin level of the study group was 2825.696 ± 1507.548 ng/ml. 14 out of 50 patients in the study group (28%) had serum ferritin levels in the range 2201-3200 ng/ml and only 1 patient (2%) had levels above 6200 ng/ml. 49 patients (98%) out of 50 in the study group showed positivity for the Perl's Prussian Blue staining in the exfoliated cells of the buccal mucosa. Maximum number of patients, 14 out of 50 (28%) had Grade IV positivity, followed by 12 patients having Grade III (24%) while only 1 patient (2%) was negative belonging to Grade 0 (Figs. 1, 2,  3, 4, 5, 6 ). All 25 subjects in the control group (100%) were negative for Perl's Prussian Blue stain.
Chi square test was applied to compare the Perl's staining of the control and study groups. It was found to be statistically significant at 1% level of significance (p value \ 0.001).
In order to correlate the buccal smear positivity with serum ferritin levels, Spearman Rank's correlation coefficient was calculated. It was 0.38 implying a weak positive correlation between the two.
The comparison of buccal smear grades of the study group was made with their respective mean serum ferritin levels. This was again found to be significant at 5% level of significance implying that buccal smear grades correlated with the mean serum ferritin levels ( Table 1) .
Discussion
Transfusion hemosiderosis is a major cause of morbidity and mortality in b-thalassemia major. Though newer modalities of treatment to chelate the iron are becoming available yet the detection and quantitation of iron overload remains a problem mainly due to invasive and expensive nature of the available tests.
Staining of exfoliated cells from buccal mucosa with Perl's Prussian blue can be adopted as a cheaper, yet accurate diagnostic approach to detect the iron overload. Through our study we have provided the criteria to grade the smears providing a semi-quantitative assessment of the same.
Our results of Perl's Prussian blue staining positivity were similar to Gururaj and Sundharam et al. (2004) who reported 100% Perl's positivity in the 10 patients that they examined [4] . These results, however, were higher than that of Nandprasad et al. [5] [6] [7] [8] . This variation in positive results can be attributed to the difference in the total sample size of various studies as well as the varying mean serum ferritin levels of the respective patients in the studies. Also comparison between the study and control group Perl's Prussian blue staining implied that positivity in the study group was not by chance. Thus, there was a strong association between the thalassaemia patients who were undergoing repeated blood transfusions and suffering from hemosiderosis with their buccal smear iron stain positivity. This proved that iron does accumulate in squamous epithelial cells of buccal mucosa in hemosiderosis and these cells can be scraped to assess the same. The controls were healthy and did not suffer from iron overload explaining their negative results.
The single patient with negative Perl's Prussian blue staining had serum ferritin level of 2124 ng/ml. The negative reaction, even in spite of high serum ferritin levels in this patient can be explained by either fault in the technique of staining or already shedding of the affected squamous epithelial cells. The excess amount of iron that gets accumulated in various tissues is dependent upon various factors including the formation of iron storage pool. Moreover, amount of ferritin formed in exfoliated buccal cells, may vary, which may invariably affect the Perl's positivity. When hemosiderosis occurs, iron accumulates in reticuloendothelial macrophages first and only later spills over into parenchymal cells [9] .
Value of Spearman Rank's correlation coefficient of 0.38, in our study was similar to Bhat et al. whose correlation coefficient was 0.424 while it was lower than that of Gupta et al. who had a correlation coefficient of 0.76 [6, 8] . The studies by Gururaj et al. and Nandprasad et al., however did not compare the presence of blue granules in exfoliated cells of buccal mucosa with serum ferritin levels [4, 5] . This is the first study which has provided a grading system for buccal smear Perl's staining in order to provide a semi-quantitative assessment of the same. Moreover, it was observed that the grade of buccal smear positivity correlated well with the serum ferritin levels of these patients and therefore this simple, non-invasive test can be used to monitor iron overload in patients taking regular transfusions.
Nandprasad et al. and Chittamsetty et al. had included the patients with 15 or more number of blood transfusions in their study [5, 7] . In our study, Perl's Prussian blue positivity was observed even with the number of transfusions being 12, implying that this test can be used as a screening modality also, besides regular monitoring.
Most of these patients (82%) were on prolonged chelation therapy, yet Perl's Prussian blue positivity was detected in their buccal smears further validating the usefulness of this test.
The various factors affecting the iron overload in this subset of patients are number of transfusions, age of initiation of iron chelation therapy, whether taking the chelation therapy regularly, socioeconomic status, nutritional deficiencies and other associated comorbidities.
However, we could not compare the Perl's Prussian Blue positivity with liver biopsy, T2* MRI of liver/heart, MUGA scan (Multigated acquisition), liver dry weight iron because of the expensive and invasive nature of these tests. More studies therefore need to be conducted comparing exfoliative cytology with these tests. Also a co-relation of this test with clinical manifestation of iron overload in various organs needs to be done.
Conclusion
We, therefore conclude that Perl's Prussian Blue staining of exfoliated cells from buccal mucosa can not only be used to assess iron overload in b-thalassemia major patients, but can also be used as a screening modality to detect iron overload in patients yet to start chelation therapy. With the grading system we can even give a semiquantitative assessment of the same. Since these grades correlated positively with the respective serum ferritin levels, regular monitoring of overload by serum ferritin can be replaced by exfoliative cytology of buccal cells which is easy to obtain and non-invasive. The group of affected patients comprises mostly of the paediatric age, so invasive, painful and expensive tests, can thus be avoided.
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